After weaning, pigs may develop a wasting syndrome characterized by slow growth, decreased disease resistance, and increased mortality. This study was conducted to determine whether differences in immune indices exist between wasting and normal pigs of a common age. Treatments were normal controls ( N ) , wasting pigs (WP), and WP treated with the neuroleptic drug amperozide (WPA) .
Introduction
Pigs introduced into a new social environment or weaned from the sow experience stress, as indicated by changes in their behavior and physiology (Meese and Ewbank, 1973; Dantzer and Mormede, 1983; Lofstedt, 1986) . Most pigs recover from the stress of weaning within 1 t o 2 wk and resume a normal pattern of weight gain (McGlone and Curtis, 1985) . Some pigs, however, do not adapt to the new environmental and social situation but develop a chronic stress syndrome. These pigs are defined as wasting pigs ( WP; Martinsson et al., 1978) , and their resistance to disease is reduced (Kyriakis and Andersson, 1989) . Wasting pigs are clinically defined by a reduced weight gain, a more prominent spine, increased hair growth, decreased plasma concentrations of alkaline phosphatase and zinc, and an unspecific lThis research was supported by Kabi Pharmacia AB. We wish to thank A. Albinsson, N.-G. Olsson, and L. Jacobson for technical assistance, M. Astrom for statistical analysis of the data, and J.
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USDA-ARS, Roman L. Hruska U.S. Meat Animal Research Center, P.O. Box 166, Clay Center, NE 68933. Received July 22, 1993 . Accepted December 6, 1993 eczema on the back (Martinsson et al., 1976) . Pathological findings include atrophy of the thymus gland and enlarged adrenal glands (Martinsson et al., 1978; Kyriakis and Andersson, 1989) . Although chronic stress and atrophy of the thymus gland may lead to changes in the immune system of wasting pigs, it is not known what, if any, changes actually exist. Amperozide (Hog pax; Ferrosan AB, Malmo, Sweden), a psychotropic drug used in Europe to reduce aggression in pigs following regrouping, has also been shown to affect behavior and growth of wasting pigs (Andersson et al., 1987; Bjork et al., 1988) . The objectives of this study were to determine whether hematological and in vitro immune indices and growth rate are different between age-matched WP, WP treated with amperozide ( WPA) , and normal controls ( N) .
Materials and Methods

Genera 1
This study was conducted with Swedish Landrace x Yorkshire pigs housed at a commercial farrow-tofinish unit located 25 km north of Malmo, Sweden. Pigs were weaned at 5 wk by removal of the sow and left in the farrowing pen for one additional week. Pigs were then moved to a growing unit, where they were mixed and penned together in groups of 10. Pens were 9 m2 with concrete and wood floors. Straw was provided as bedding material. Twice daily, pigs were limit-fed a completely balanced ground barley diet (18.4% CP, 2.98 Mcal/kg) based on body weight (.033 to .054 kg of feed.kgBw-l.d-l from 9 to 24 kg), and water was available continuously.
Wasting pigs ( n = 20) were chosen by observation based on the previously described clinical signs of increased hair growth, eczema on the back, and slow growth compared to age-matched contemporaries. Pigs chosen by the animal technician according to the same descriptive selection criteria have been shown to have altered physiological characteristics, including decreased serum concentrations of albumin, alkaline phosphatase, and zinc (Albinsson and Anderson, 1990) . White blood cell numbers and percentages of lymphocytes and monocytes in the selected pigs indicate that WP were different from N, as has been described (Martinsson et al., 1976) . Pigs were randomly assigned to a treatment group (either untreated, six gilts and four barrows or amperozide, three gilts and seven barrows). Ten age-matched, visually healthy control pigs also were included in the study (four gilts and six barrows). Wasting pigs represented approximately 7% of the total number of pigs within the unit and typically one or fewer WP was found per pen.
Pigs were 8 wk old at the start of the experiment, but the initial BW were different (13.7, 7.3, 7.9 f .7 kg for N, WP, and WPA). On the day the trial started ( d 0 ) each pig was weighed and injected with either a saline solution ( N and WP) or amperozide (WPA). For wasting pigs in the drug treatment group, amperozide was injected i.m. at 1 mg/kg (one time, at the start of the study), a dose previously found to be effective in reversing the wasting pig syndrome (Bj ork et al., 1988) . All treatments were carried out on pigs in the pens where they had developed the wasting syndrome; thus, we were not able to balance the treatments with respect to gender. The weight of pigs in all groups was lower than that typically seen in US. production systems, but they reflected normal weights in Swedish production systems (Martinsson et al., 1976) . Average daily gain for N ( . 5 kg/d) was similar to that expected for 8-wk-old (10 to 24 kg) pigs in the United States. Blood samples were taken before drug administration on the day of treatment ( d 0 ) and 7 and 21 d after treatment. Pigs were weighed on d 0 and 21.
Immune Assays
On each sampling day, 20 mL of whole blood was rapidly obtained via jugular venipuncture while the pig was held in a V-trough in dorsal recumbancy. Blood was collected a t the same time each day from each pig into heparinized vacuum tubes. Total white blood cell counts were determined microscopically using a hemocytometer and a differential cell count IN WASTING PIGS 977 was made from blood smears stained with May Grunwald-Giemsa solution ( 100 cells were counted). Plasma was separated and stored at -20°C until analyses were conducted.
Peripheral blood mononuclear cells ( PBMC) were isolated from whole blood (diluted 1:2 with PBS) by centrifugation (20 min at 1,600 x g ) on FicollHypaque gradients (Pharmacia, Uppsala, Sweden). The PBMC were isolated (Roberts et al., 1987) and used because they include lymphocytes and monocytes that produce the cytokines of interest in this study. The PBMC band was collected and washed twice in Roswell Park Memorial Institute 1640 cell culture media ( RPMI; Gibco BRL, Grand Island, NY). After washing, the cells were counted using a hemocytometer and resuspended in RPMI supplemented with 10% fetal bovine serum (FBS, Sigma Chemical, St. Louis, MO) at 1 x lo6 cells/mL.
Measurement of Resting Neutrophil Activation. Nitroblue Tetrazolium Reduction Assay
Metabolism of neutrophils was assessed in the nitroblue tetrazolium ( NBT) , or dye incorporation, assay. Nitroblue tetrazolium (Sigma Chemical) is a yellow dye that, when incorporated into the phagolysozomes of a granulocyte, is biochemically transformed into a blue formazan crystal. The more metabolically active the cell is, the more NBT that is incorporated (Humbert et al., 1971) .
Whole blood (100 pL) was incubated with 100 p L of NBT ( 1 mg/mL) in 96-well round-bottom microtiter plates (Costar, Cambridge, MA) for 10 min (37"C, 5% C02). The plates were allowed to stand at room temperature for an additional 10 min before a thin smear was made. Slides were stained with May Grunwald and Geimsa stains, and 50 neutrophils were sampled under the oil-immersion lens of a microscope. Positive neutrophils were defined as those cells showing large, irregularly shaped, dark purple to black intracytoplasmic inclusions (formazan deposits). Pooled cells and zymosan-stimulated PBMC were included as controls (percentage of positive cells 7.1 k .3 and 14.6 f 1.9, respectively).
Natural Killer Cell Assay
Human leukemia K562 cells were used as targets for the natural killer (NK) cell assay as reported for determination of pig NK cytotoxic activity (Richerson and Misfelt, 1989) . Target cells were maintained in tissue culture flasks at 3 to 4 x lo5 cells/mL in 10% FBS-supplemented RPMI. Before use, cells were incubated for 2 h with 150 pCi of 51Cr (Amersham, Arlington Heights, IL). After labeling, the cells were washed twice by centrifugation and resuspended at 1 x 105 cells/mL.
Peripheral blood mononuclear cells were dispensed in triplicate into 96-well round-bottom microtiter plates (1 x lo5 cells/well) and 100 pL of K562 cells was added to each well. resulting in an effector:target ratio of 1OO:l. Maximum release was determined by adding 100 pL of 1% SDS, and spontaneous release was determined by adding RPMI to labeled cells. Spontaneous release was less than 12% in all assays.
Plates were incubated for 4 h at 37°C in 5% C02.
Supernatants were harvested onto cotton filters (Skatron, Tranhy, Norway), and 51Cr release was measured in a gamma counter (LBK, Pharmacia). Cytotoxicity was defined as follows: 
Lymphocyte Blastogenesis Assay
The ability of lymphocytes to become metabolically activated was determined by in vitro stimulation of PBMC with mitogens. Peripheral blood mononuclear cells were seeded in triplicate into 96-well microtiter plates (1 x lo5 cells/well). Three mitogens (concanavalin A, 20 pg/mL; phytohemagglutinin, 50 pg/ mL; pokeweed mitogen, 50 pg/mL; Sigma Chemical) plus a control (10% FBS-supplemented RPMI) were added to the cells. The doses used have been shown to be optimal for the stimulation of porcine lymphocyte blastogenesis (Buschmann and Pawlas, 1980) and were optimal in our preliminary trials. Cultures were incubated for 48 h (37"C, 5% C02). After 48 h, .5 pCi of L3H1thymidine (Amersham) was added to all wells, and the plates were incubated for an additional 18 h. Cells were harvested onto glass fiber filters, and incorporation of radioactivity was determined with a liquid-scintillation counter. Results were expressed as net counts per minute (counts per minute of mitogenstimulated cultures minus control cultures).
Interleukin-1 Assay
Peripheral blood mononuclear cells (1 x lo5 cells/ well) were dispensed into 96-well microtiter plates and stimulated with 100 pL of lipopolysaccharide (10 pg/mL). After a 48-h incubation (37"C, 5% COz), supernatants containing interleukin-1 ( Ll) were removed and stored at -20°C until the bioassay was performed.
Interleukin-1 activity of supernatants was determined using a mouse thymocyte bioassay, which is routinely used to detect pig IL-1 production (ChitkoMcKown et al., 1991) . Thymuses from CH3/HEJ mice (Bomgaard Holt, Norway) were aseptically removed, and the thymocytes were separated by passage across a screen. After washing the cells twice, they were resuspended in RPMI at 1 x lo4 cells/mL and 100 pL of the suspension was added to each well of a 96-well microtiter plate. Test supernatants were then added (100 pL) in triplicate and incubated for 72 h AND ANDERSSON (37"C, 5% C02). After 72 h, .5 pCi of L3H1thymidine was added, and the cells were incubated for an additional 24 h. Cells were harvested onto glass fiber filters, and IL-l-induced thymocyte proliferation was quantified in a liquid-scintillation counter. Recombinant human IL-1 (Genzyme, Boston, MA) was used as a standard. A negative control (RPMI alone) as well as pooled samples containing IL-1 also were included in the assay.
Interleukin-2 Assay
Isolated PBMC (1 x lo5 cells/well) were placed in 96-well microtiter plates and cultured at 37°C in 5% C02 along with 100 pL of concanavalin A (20 pg/mL).
Supernatants were collected after 48 h and stored at -20°C until bioassays were performed. Interleukin-2 was measured using CTLL-2 cells, a murine continuous IL-2 dependent line of cytotoxic T cells established by Gillis et al. (1978) and validated for detection of porcine IL-2 (Edfors-Lilja et al., 1991). The cells were maintained in tissue culture flasks in exponential growth in RPMI (10% FBS) and supplemented with rat IL-2.
Supernatants containing IL-2 (100 pL) were placed, in triplicate, into 96-well microtiter plates.
Twice-washed CTLL cells (100 p L of 4 x lo4 cells/mL) were added to each well, and the plates were incubated for 24 h. Then, .5 pCi of L3H1thymidine were added to each well, and the plates were incubated for an additional 18 h. Cells were harvested onto glass fiber filters and incorporation of L3H1thymidine was measured with a liquid-scintillation counter. A negative control (RPMI) and pooled standards also were included. Eight doubling dilutions of recombinant human IL-2 (80 U/mL; Genzyme, Boston, MA) were used as the standard for comparison.
Immunoglobulin G Assay
Plasma immunoglobulin G ( IgG) was determined in a sandwich ELISA according to methods (Varley et al., 1985) that were specifically developed and validated for measurement of IgG in porcine plasma and colostrum. All reagents were from Sigma Chemical with antibody dilutions performed and described previously (Varley et al., 1985) . Frozen plasma samples were thawed and diluted 1:3,000 in Tween-PBS (.l%). Diluted plasma samples (12 pL/well) were assayed in triplicate along with pig IgG standards (100 pg/mL to .69 pg/mL). The optical densities of the standards were regressed on the log, of their known concentrations, and the resulting regression equation was used to determine the amount of IgG in each sample.
Plasma Cortisol
Plasma cortisol was determined with a standard RIA according to methods (Thorell and Larson, 1978) that have been validated for pig samples (Andersson and Albinsson, 1985) . Unextracted plasma samples were diluted with PBS and heated for 10 min at 90°C to denature corticosteroid binding globulins and assayed in triplicate. Inter-and intraassay CV were < 7 and 5%, respectively.
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Statistics
Thirty pigs were used in this study, 10 per group. The experimental period was 21 d. Heterogeneity of physiological measures for WP compared to N has been shown previously . We also found this to be the case with our data set. None of the individual values was greater than 3 SD from the group mean (method used to detect outliers), and data from all pigs were used in the analysis. Evaluation of the data also revealed that WP and WPA were similar, because the LSD means for all variables except for neutrophi1:lymphocyte ratio were not different ( P > .05) on d 0. Data were analyzed using the GLM procedures of SAS (1985) . Means were separated with the LSD test following a significant main effect. The experimental design was a splitplot-in-time. The mathematical model included pig, sex, day, and treatment effects as well as all interactions. Variation due to sex was not significant (except for IL-2 values), so data from barrows and gilts were pooled. Treatment effects were tested with the treatment within animal error term. All other variables and interactions were tested with the residual error term. Each variable was correlated with every other variable to identify all possible relationships.
Results
The initial and final weights of normal pigs were greater ( P < .05) than those of WP or WPA ( Figure  1 ). The ADG was also greater ( P < . 0 5 ) for N than for WP or WPA (.502, .373, and .341 kg/d, SEM = .039, for N, WP, and WPA, respectively).
There were several changes in populations of white blood cells between wasting and normal pigs (Table   1 ). Total white cell counts were greater ( P < .05) in control pigs than in WP or WPA. White cell counts from all treatment groups increased throughout the study and were greater ( P < .05) on d 21 than on d 0 and 7. Normal pigs also had more ( P < .05) lymphocytes and monocytes than WP or WPA (Table  l) , and the number of lymphocytes increased ( P < .05) by d 21 across all treatment groups. There were no treatment ( P > .2) or day effects ( P > .09) on the number of eosinophils.
Production of interleukins (IL-1 and IL-2) was not affected by drug treatment and was not different ( P > . l o ) between normal and wasting pigs (Table 2) U/mL, mean f SEM for gilts and barrows, respectively). An increase ( P < .05) in in vitro IL-2 production was detected on d 7 for all treatment groups. Treatments did not influence blastogenesis in response to mitogens. The blastogenic response to pokeweed mitogen was, however, greater ( P < .05) on d 7 than on d 0 or 21 in N and WP and the response to concanavalin A was greater in WP on d 7.
Phagocytosis by neutrophils (NBT) and natural killer cell activity were not affected ( P > . l o ) by treatment, and no differences were detected between N and WP on any day (Table 3) . This was also the case for plasma IgG concentrations. There were treatment and day effects for the neutrophi1:lymphocyte ratio as well as a treatment x day interaction. On d 0 neutrophi1:lymphocyte ratios were different ( P < .02) between WP and WPA ( . 7 and 1.2 f .1, mean f SEM), the only variable that was different between WP and WPA at the start of the study. The neutrophil: lymphocyte ratio was reduced ( P < .05) in WPA on d 7 compared with d 0 and 21 (Table 3) . Plasma cortisol was increased ( P < .05) in WPA compared with WP and normal pigs. For normal and wasting pigs, cortisol concentration was lowest on d 0 and was increased ( P < .05) on d 7 and 21, whereas cortisol concentrations in WPA remained increased throughout the 21-d study ( Table 3) .
Production of IL-2 was negatively correlated ( P < .05) with natural killer cell cytotoxicity ( r = -.209) but positively correlated ( P < .05) with pokeweed mitogen-stimulated blastogenesis ( r = .245). 
Discussion
One of the most noticeable signs of the wasting pig syndrome is reduced weight gain. Pigs from the two wasting groups, although similar in age, showed a reduced ADG compared with N. An ADG of .5 is normal for 8-wk-old (10 to 20 kg) pigs (Ensminger and Parker, 1984) . Although we do not have weaning weights for this group of pigs, it has been shown that it is not necessarily the "runts" of the litter that have the greatest reduction in gain at weaning and regrouping. Algers (1989) showed that pigs on more productive teats (generally the heaviest at birth) show the greatest reduction in eating behavior at weaning and regrouping and have significantly poorer relative weight gains at regrouping. Unfortunately, we are still unable to predict which pigs will develop the wasting syndrome based on weaning weights.
Hematological changes also were evident between wasting and normal pigs. Wasting pigs showed a suppression in total white blood cell numbers as well as in lymphocytes and monocytes. These changes may have been induced by increased corticotropin-releasing hormone (Irwin, 1992) or ACTH (Adnan et al., 19851 , even though cortisol concentrations were not greater in WP, perhaps indicating an altered adrenal responsiveness in WP. Because the total number of white blood cells as well as the number of lymphocytes and neutrophils increased between d 0 and 21 in all pigs, it could not be determined what effect the suppression of these cells had on the incidence of infection in WP or morbidity and mortality. None of the wasting pigs had to be removed from the study due to death or disease, and none of these pigs required treatment with antibiotics during the course of the study. These data also indicate that developmental increases in leukocytes were occurring in wasting pigs even though their numbers were lower than for normal pigs of the same age throughout the study.
The hematological alterations in wasting pigs were quantitative rather than qualitative. When the functional activities of immune cells were determined in vitro, few differences were detected between normal and wasting pigs. Because the functional assays were performed with an equal number of cells for each pig, it seems that the functional ability of cells from wasting pigs was not altered, only their number. This finding indicates that the changes in white blood cell numbers may reflect a generalized physiological response as opposed to a specific immunological dysfunction.
Of interest was the observation that IL-2 was increased on d 7 in all pigs. Although we do not have an explanation for this, it seems that separate mechanisms were in effect between N and WP, and WPA. The increased IL-2 concentrations were associated with an increased blastogenic responsiveness to pokeweed mitogen and phytohemagglutinin in normal pigs and to pokeweed mitogen and concanavalin A in wasting pigs.
Treatment of rats with IL-2 increased total white cell numbers, lymphocytes, and monocytes (Cesario et al., 19911 , which indicates that IL-2 might have influenced the functional activity of these cells in our IgG concentrations were unaltered, local antibody production of gastrointestinal IgA may be affected in wasting pigs, resulting in ileitis and diarrhea (Martinsson et al., 1976 (Martinsson et al., , 1978 . Although the neutrophi1:lymphocyte ratio was greater in amperozide-treated wasting pigs than in normal pigs, these ratios are relatively low compared to those in pigs that have been given exogenous cortisol as a model of stress (Widowski et al., 1989) . This may indicate an altered adrenal responsiveness or an alteration in glucocorticoid receptor numbers or affinity on leukocytes in the chronic stress state.
Amperozide-treated wasting pigs had greater cortisol concentrations than normal or WP. It was not determined whether cortisol binding globulin ( CBG) was altered in these pigs, but CBG was decreased in WP in another study . Cortisol binding globulin may be a more reliable indicator of physiological and social stress than plasma cortisol concentrations (Kattesh et al., 1980) . Cortisol binding globulin also has been shown t o inhibit the suppressive effect of cortisol on cell proliferation (Faict et al., 1985) .
While cortisol remained increased on d 7, alterations in glucocorticoid receptors, rate of cortisol metabolism, or CBG might have been influencing cytokine production in accessory cell populations or T and B lymphocytes directly, as indicated by the increase in IL-2 on d 7. Natural killer cells are normally stimulated by IL-2. In this study, however, a negative correlation was found between IL-2 production and NK cytotoxicity. This could be explained if the IL-2 assay, a measurement of stimulated IL-2 production in vitro, does not readily reflect the complex interaction between cytokines and cells of the immune system in vivo.
Interleukin-1 has been postulated to be involved in cachexia (Uehara et al, 1989) . Mitogen-stimulated PBMC production of IL-1 was similar among treatment groups in our study. Central IL-1 activity in our wasting pigs cannot be ruled out even in light of data indicating that peripheral IL-1 mediates anorexia (Kent et al., 1991) .
Amperozide is used in Europe to reduce aggression in pigs after regrouping. The drug is a neuroleptic agent that has specific effects on nerve transmission in the limbic areas of the brain . Neurochemical studies indicate that amperozide is a potent antagonist of serotonin receptors in the limbic system, whereas it has only a weak
